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Playing around with P equals VI
Tesla Cybertruck: first to transition from 12V to 48V architecture

Tesla (TSLA US, CMP: USD 237, Not Rated) Cybertruck is first vehicle
globally to replace the entire 12-volt (V) electrical system with 48V
electric & electronic (E&E) architecture. This is basically playing with the
power equal to voltage multiplied by current equation (P = VI). As the
amount of power needed with more features increases in a vehicle, for
a constant 12V architecture the current needed increases significantly;
hence, thicker wiring harness and copper content were the need of the
hour. TSLA replaced the entire 12V architecture with 48V, reducing the
current needed for the same power output, thereby sharply lowering
the wiring harness content. The company claims the wiring harness
content and weight fell ~75%. We shared the detailed specifications
and features in our note, Cybertruck launch on 1 December 2023.

\¥hat's in it: advantages of the 48V architecture

A 48V architecture will reduce weight and thickness of cables by ~75%,
and copper requirement by 50% while increasing efficiency and cost
savings. The system change further embraces the removal of hardware
component control systems, such as relays and fuses and replaces them
with software control over ethernet. It will reduce current by a factor of
4x compared to 12V systems, bringing the current to safer levels.

Our view: technological risks exist; reiterate Reduce on MSWIL

While mass-scale adoption of 48V architecture replacing the 12V one is
still some time away, TSLA is able to make a breakthrough, meaning it is
about time that global firms start to evaluate this option seriously. Elon
Musk has sent the 48V architecture implementation documents to all
major CEOs which Ford’s CEO Jim Farley has acknowledged on X.com.

Our industry interactions indicate the EV wiring harness content
globally is ~ 1.5x the ICE wiring harness content (in India, it is ~2x owing
to import content). Our back of the envelope calculations along with
industry participants interactions indicate in 48V architecture the wiring
harness content could come off closer to 1.0x of ICE from 1.5x that it is
currently (the high voltage wiring from battery to motor etc remains
intact while the 12V wiring harness sees a significant reduction).
However, the number of players entering this electrical distribution
system (EDS, which wiring harness is part of) could significantly increase
as wiring harness becomes a part of the entire EDS. This can have long-
term market share implications for existing players.

The replacement of 12V with 48V also eliminates the lead acid battery.
However, large part of de-rating of lead acid battery players like Amara
Raja Energy and Exide Industries had played out when TSLA replaced
the 12V lead acid battery with a 12V Li-ion battery in Model 3 and Y.

For MSWIL, we believe such technological evolution globally and it
being a single product, single geography company will keep multiples
under check, which is currently at 37x/32x FY25E/26E P/E, even as it
has potential of market share gains and content per vehicle increase in
the short term. We reiterate our Reduce rating on MSWIL with a TP of
INR 57 based on 30x December 2025E EPS of INR 1.9.

Cybertruck’s 48V architecture reduces
wiring needs compared to 12V system

Source: Tesla Investor Day 2023, Elara Securities Research
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Cybertruck — first of its kind

TSLA Cybertruckis the first-ever automobile to completely
replace the 12V architecture by 48V architecture. All
future TSLA vehicles and Optimus will adopt the 48V
architecture. Multiplexing via ethernet ring for in-
vehicular communications, has reduced the wiring
harness requirement overall, leading to a 78% reduction
in weight for TSLA. Ethernet allows a much higher data
rate than the traditional CAN bus, thereby reducing the
number of point-to-point wires due to higher bandwidth.
This also enables implementation of steer-by-wire system.
The company has 48V, ethernet, and CAN bus on the
same cable to connect all components in daisy chain. All
future TSLA vehicles and Optimus will adopt 48V
architecture.

Exhibit 1: Cybertruck’s 48V architecture reduces
wiring harness requirement to 25% of 12V system

Source: Tesla Investor Day 2023, Elara Securities Research

\What is the 48V architecture?

The 48V system allows for more effective power
distribution and management of increased electrical loads
using smaller, less intricate wiring. Higher voltage is
needed to reduce resistance losses, thereby lowering
heating of wires, resulting in thinner wires and greater
gains in efficiency.

Increased electrical capacity of a 48V system enables the
integration of advanced features and technologies, such
as electrically assisted steering, such as steer-by-wire
systems, and advanced driver assistance systems (ADAS).

With the existing 12V architecture in most passenger
vehicles, it is unrealistic and inefficient to try to drive loads
of this magnitude, as the current involved will be in the
hundreds of amperes. Losses in wiring and static losses in
semiconductors are proportional to the square of the
current; hence, with a 12V approach, overall venhicle
efficiency would be significantly reduced.

Moving to a 48V zonal architecture presents an
opportunity enabled by Ohms Law (Power = Current x
Voltage). For the same power delivery, a 12V source
requires 4x as much current as a 48V. Thus, the 12V wire
is usually four times thicker than a 48V wire.

Implementing a zonal architecture with robust support
from high-density power modules offers a threefold
reduction in weight: 1) the 48V innovative architecture
facilitates a shift from bulky wire harnesses to slimmer
ones, resulting in ~75% reduction in harness weight, 2)
the removal of low-voltage auxiliary batteries is made
possible by virtualizing them with power modules,

Exhibit 2: All future TSLA vehicles and Optimus will adopt 48V architecture

Future of Tesla Low Voltage

Source: Tesla Investor Day 2023, Elara Securities Research
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Exhibit 3: Centralized architecture in 12V systems vs zonal architecture in 48V systems

Centralized

Source: powersystemsdesign.com, Elara Securities Research

eliminating the weight associated with the batteries, 3)
the Power Delivery Network (PDN) upgrade utilizing
power modules optimizes the thermal management
system, leading to a ~33% reduction in its weight, as
suggested by industry reports.

12V vs 48V — what's the difference?

The 12V architecture is becoming a bottleneck in the face
of rapid technological leap in the automotive space. The
low voltage is adding to complexity of delivering
adequate power to all vehicle systems that need electricity
and complicating wiring layouts with addition of more
electrical components.

While 48V systems have been party utilized in hybrid
vehicles (in tandem with 12V system) for a few years, the
Cybertruck replacement of the traditional 12V system is a
significant step forward for the auto industry.

Exhibit 4: Following are differences between 48X and 12V system

Nature 48V architecture

12V architecture

Voltage Operates at 48 volt

Power delivery

components and systems.
Battery type Lithium-ion chemistry

Efficiency gains
to overall efficiency gains

Operates at 12 volt

Allows for higher power delivery, supporting additional  Standard power delivery for traditional automotive systems.

Lead acid chemistry

Reduces power losses in wiring and components, leading Lower voltage may result in higher power losses

Wiring size & weight Enables use of smaller and lighter wiring. (10-gauge wires Wiring may be larger and heavier due to the lower voltage.

at 27g/m — ~80% lower)

Power box housing Zonal power modules which will be 33% smaller
Advanced features Supports advanced features like electrically assisted

steering, ADAS, and more

(4-gauge wires at 273g/m)
Centralized housing system architecture
Limited capacity for advanced electrified components

Source: Collated from various media articles, Elara Securities Research
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Exhibit 5: Reinventing the traditional electric & electronic (E&E) architecture

Traditional System with several ECUs

Vehicle as One System

Source: youtube.com, Elara Securities Research

Key characteristics of 48V architecture

Increased power supply: A 48V system allows for
higher power delivery, enabling support of additional
electrical components and systems

Efficiency gains: Reduces current needed by a factor
of four and since power loss in the harness is
resistance times the square of the current, a 4x
reduction and current leads to a 16x reduction in lost
power. This results in reduced power losses in wiring
and components, leading to overall efficiency gains in
the vehicle's electrical system

Support for advanced features: Increased electrical
capacity of a 48V system enables the integration of
advanced features and technologies, such as
electrically assisted steering (steer-by-wire systems),
ADAS, and other electrified components

Lighter wiring: With the higher voltage, it is possible
to use smaller and lighter wiring by 75% throughout
the vehicle, reducing overall weight and contributing
to better fuel efficiency

Roadblocks in 48V mass adoption

Transitioning from 12V to 48V is a complex process as it

necessitates the

redesign of vehicle wiring and

incorporation of new electrical components, including
every motor, light, sensor & chip and while ensuring
compatibility with higher voltage. These challenges could
include issues, such as the need for new safety features to
protect against electrical shock

Market acceptance and adoption: Widespread
acceptance and adoption by automakers may take
time. Industry firms must overcome skepticism and
demonstrate long-term benefits of 48V systems to
encourage broader implementation

Integration complexity: Integrating a 48V system into
existing vehicle architecture can be complex.
Compatibility issues may arise when trying to
integrate it with conventional 12V components,
leading to challenges in ensuring seamless
communication

Cost involved: Transition to 48V system will involve
additional capex for development/integration of new
components, upgrading manufacturing processes
and adapting to the new technology, thereby
dragging margin & profitability due to lack of scale

Global standardization: Lack of global
standardization for 48V systems may lead to
differences in specifications and compatibility.
Standardization efforts are essential to promote
interoperability and streamline adoption of this

technology across different markets

Elara Securities (India) Private Limited
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Chicken-egg state thwarts mass adoption

TSLA has managed to adopt the pure 48V architecture
due to its strong leadership, manufacturing capability,
vertically integrated supply chain and in-house
development of components. Legacy OEM continue to
struggle with mass adoption across product platforms
(currently 48v and 12V coexist in hybrid platforms) as
suppliers currently develop 12V adaptable components
and would want orderbook guarantees for 48V while
OEM would expect a viable working product.

Enabling this new 48V architecture requires new cables,
connectors, active (power-management integrated
circuits) and passive (protection device) components.

Further, cost involved in transitioning the entire
ecosystem of OEM and component suppliers would be
significant. Similarly, as to how TSLA transformed
adoption of electric vehicles, the push for the automotive
industry to transition from 12V to 48V, backed by a
proven product is anticipated to yield results in the
medium term in a phased manner.

Exhibit 7: Ford’'s CEO acknowledging the need for
shift to 48V architecture

#2» Jim Farley @
weRl 1

. Great for th

@ John Hayes @

Elon Musk @

You're welcome

A2 i ’
. Jim Farley &
»iu

Great to read the document and realize that
our next-gen team has been on a similar
path. Let’s work together to help the supply
base move into the 48V future as well.

155K

Source: X.com, Elara Securities Research

Exhibit 6: The industry to transition to 48V architecture in the long term

Last Transition I I | l | |

Source: Tesla Investor Day 2023, Elara Securities Research
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Steer-by-wire system

TSLA is one of the few companies to implement the steer-
by-wire system, which provides drivers with enhanced
maneuverability and a turning radius that rivals most
sedans.

The company’s steer-by-wire technology eliminates the
mechanical linkage between the steering and wheels.
Instead, steering inputs from the driver are converted into
electronic signals, which are then processed by the
vehicle's computer system to control the wheels' direction
that articulate the vehicle's trajectory. This transformation
promises an ultra-responsive, smoother, and more
efficient steering experience, a development bound to
change how we drive.

This technology allows for a highly responsive steering
experience, adapting to speed, driving conditions, and
potentially even driver preferences.

One key benefit is the potential to speed up production
by reducing the number of parts needed for the steering
mechanism. Additionally, the drive-by-wire technology
promises a smoother ride, as the steering wheel is no
longer directly connected to the road, minimizing
vibration and pull-on uneven surfaces.

Exhibit 8: Steer-by-wire technology eliminates the mechanical linkage between the steering and the wheels

Source: Mando SbW, Elara Securities Research

Exhibit 9: Steer-by-wire system vs a traditional mechanical system

Steering wheel system
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Source: notateslaapp.com, Elara Securities Research
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-------- Not Covered Covered
Date Rating Target Price Closing Price

1 26-May-2022 Buy INR 81 INR 62
5-Aug-2022 Reduce INR 81 INR 79
31-Oct-2022  Sell INR 81 INR 88
11/16/2022# Sell INR 58 INR 60

4 7-Feb-2023  Reduce INR 55 INR 52

5 28Jul-2023 Reduce INR 57 INR 59

*Bonus 2:5

Guide to Research Rating

Absolute Return >+20%

BUY

ACCUMULATE Absolute Return +5% to +20%
REDUCE Absolute Return -5% to +5%
SELL Absolute Return <-5%
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Disclosures & Confidentiality for non U.S. Investors

The Note is based on our estimates and is being provided to you (herein referred to as the “Recipient”) only for information purposes. The sole purpose of this Note
is to provide preliminary information on the business activities of the company and the projected financial statements in order to assist the recipient in understanding
/ evaluating the Proposal. Nothing in this document should be construed as an advice to buy or sell or solicitation to buy or sell the securities of companies referred
to in this document. Each recipient of this document should make such investigations as it deems necessary to arrive at an independent evaluation of an investment
in the securities of companies referred to in this document (including the merits and risks involved) and should consult its own advisors to determine the merits and
risks of such an investment. Nevertheless, Elara Securities (India) Private Limited or any of its affiliates is committed to provide independent and transparent
recommendation to its client and would be happy to provide any information in response to specific client queries. Elara Securities (India) Private Limited or any of
its affiliates have not independently verified all the information given in this Note and expressly disclaim all liability for any errors and/or omissions, representations
or warranties, expressed or implied as contained in this Note. The user assumes the entire risk of any use made of this information. Elara Securities (India) Private
Limited or any of its affiliates, their directors and the employees may from time to time, effect or have effected an own account transaction in or deal as principal or
agent in or for the securities mentioned in this document. They may perform or seek to perform investment banking or other services for or solicit investment banking
or other business from any company referred to in this Note. Each of these entities functions as a separate, distinct and independent of each other. This Note is
strictly confidential and is being furnished to you solely for your information. This Note should not be reproduced or redistributed or passed on directly or indirectly
in any form to any other person or published, copied, in whole or in part, for any purpose. This Note is not directed or intended for distribution to, or use by, any
person or entity who is a citizen or resident of or located in any locality, state, country or other jurisdiction, where such distribution, publication, availability or use
would be contrary to law, regulation or which would subject Elara Securities (India) Private Limited or any of its affiliates to any registration or licensing requirements
within such jurisdiction. The distribution of this document in certain jurisdictions may be restricted by law, and persons in whose possession this document comes,
should inform themselves about and observe, any such restrictions. Upon request, the Recipient will promptly return all material received from the company and/or
the Advisors without retaining any copies thereof. The Information given in this document is as of the date of this report and there can be no assurance that future
results or events will be consistent with this information. This Information is subject to change without any prior notice. Elara Securities (India) Private Limited or any
of its affiliates reserves the right to make modifications and alterations to this statement as may be required from time to time. However, Elara Securities (India) Private
Limited is under no obligation to update or keep the information current. Neither Elara Securities (India) Private Limited nor any of its affiliates, group companies,
directors, employees, agents or representatives shall be liable for any damages whether direct, indirect, special or consequential including lost revenue or lost profits
that may arise from or in connection with the use of the information. This Note should not be deemed an indication of the state of affairs of the company nor shall
it constitute an indication that there has been no change in the business or state of affairs of the company since the date of publication of this Note. The disclosures
of interest statements incorporated in this document are provided solely to enhance the transparency and should not be treated as endorsement of the views
expressed in the report. Elara Securities (India) Private Limited generally prohibits its analysts, persons reporting to analysts and their family members from
maintaining a financial interest in the securities or derivatives of any companies that the analysts cover. The analyst for this report certifies that all of the views
expressed in this report accurately reflect his or her personal views about the subject company or companies and its or their securities, and no part of his or her
compensation was, is or will be, directly or indirectly related to specific recommendations or views expressed in this report.

Any clarifications / queries on the proposal as well as any future communication regarding the proposal should be addressed to Elara Securities (India) Private
Limited. It is important to note that any dispute with respect to this research report, would not have access to stock exchange investor redressal forum or arbitration
mechanism.

Elara Securities (India) Private Limited was incorporated in July 2007 as a subsidiary of Elara Capital (India) Private Limited.

Elara Securities (India) Private Limited is a SEBI registered Stock Broker in the Capital Market and Futures & Options Segments of National Stock Exchange of India
Limited [NSE], in the Capital Market Segment of BSE Limited [BSE] and a Depository Participant registered with Central Depository Services (India) Limited [CDSL].

Elara Securities (India) Private Limited’s business, amongst other things, is to undertake all associated activities relating to its broking business.

The activities of Elara Securities (India) Private Limited were neither suspended nor has it defaulted with any stock exchange authority with whom it is registered in
last five years. However, during the routine course of inspection and based on observations, the exchanges have issued advise letters or levied minor penalties on
Elara Securities (India) Private Limited for minor operational deviations in certain cases. Elara Securities (India) Private Limited has not been debarred from doing
business by any Stock Exchange / SEBI or any other authorities; nor has the certificate of registration been cancelled by SEBI at any point of time.

Elara Securities (India) Private Limited offers research services primarily to institutional investors and their employees, directors, fund managers, advisors who are
registered or proposed to be registered.

Details of Associates of Elara Securities (India) Private Limited are available on group company website www.elaracapital.com
Elara Securities (India) Private Limited is maintaining arms-length relationship with its associate entities.

Research Analyst or his/her relative(s) may have financial interest in the subject company. Elara Securities (India) Private Limited does not have any financial interest
in the subject company, whereas its associate entities may have financial interest. Research Analyst or his/her relative does not have actual/beneficial ownership of
1% or more securities of the subject company at the end of the month immediately preceding the date of publication of Research Report. Elara Securities (India)
Private Limited does not have actual/beneficial ownership of 1% or more securities of the subject company at the end of the month immediately preceding the date
of publication of Research Report. Associate entities of Elara Securities (India) Private Limited may have actual/beneficial ownership of 1% or more securities of the
subject company at the end of the month immediately preceding the date of publication of Research Report. Research Analyst or his/her relative or Elara Securities
(India) Private Limited or its associate entities does not have any other material conflict of interest at the time of publication of the Research Report.

Research Analyst or his/her relative(s) has not served as an officer, director or employee of the subject company.

Research analyst or Elara Securities (India) Private Limited have not received any compensation from the subject company in the past twelve months. Associate
entities of Elara Securities (India) Private Limited may have received compensation from the subject company in the past twelve months. Research analyst or Elara
Securities (India) Private Limited or its associate entities have not managed or co-managed public offering of securities for the subject company in the past twelve
months. Research analyst or Elara Securities (India) Private Limited or its associates have not received any compensation for investment banking or merchant banking
or brokerage services from the subject company in the past twelve months. Research analyst or Elara Securities (India) Private Limited or its associate entities may
have received any compensation for products or services other than investment banking or merchant banking or brokerage services from the subject company or
third party in connection with the Research Report in the past twelve months.

Disclaimer & Standard warning

Registration granted by SEBI and certification from NISM in no way guarantee performance of the intermediary or
provide any assurance of returns to investors.

Investment in securities market are subject to market risks. Read all the related documents carefully before investing.



ElaraCapital

Elara Securities (India) Private Limited

Disclaimer for non U.S. Investors

The information contained in this note is of a general nature and is not intended to address the circumstances of any particular individual or entity. Although we
endeavor to provide accurate and timely information, there can be no guarantee that such information is accurate as of the date it is received or that it will
continue to be accurate in the future. No one should act on such information without appropriate professional advice after a thorough examination of the
particular situation.

Disclaimer for U.S. Investors

This material is based upon information that we consider to be reliable, but Elara Capital Inc. does not warrant its completeness, accuracy or adequacy and it
should not be relied upon as such.

This material is not intended as an offer or solicitation for the purchase or sale of any security or other financial instrument. Securities, financial instruments or
strategies mentioned herein may not be suitable for all investors. Any opinions expressed herein are given in good faith, are subject to change without notice,
and are only correct as of the stated date of their issue. Prices, values or income from any securities or investments mentioned in this report may fall against the
interests of the investor and the investor may get back less than the amount invested. Where an investment is described as being likely to yield income, please
note that the amount of income that the investor will receive from such an investment may fluctuate. Where an investment or security is denominated in a
different currency to the investor’s currency of reference, changes in rates of exchange may have an adverse effect on the value, price or income of or from that
investment to the investor. The information contained in this report does not constitute advice on the tax consequences of making any particular investment
decision. This material does not take into account your particular investment objectives, financial situations or needs and is not intended as a recommendation of
particular securities, financial instruments or strategies to you. Before acting on any recommendation in this material, you should consider whether it is suitable
for your particular circumstances and, if necessary, seek professional advice.

Certain statements in this report, including any financial projections, may constitute “forward-looking statements.” These “forward-looking statements” are not
guarantees of future performance and are based on numerous current assumptions that are subject to significant uncertainties and contingencies. Actual future
performance could differ materially from these “forward-looking statements” and financial information.
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